Suginami-ku, Tokyo
The present paper will describe visual r esponses recorded from the nerve cells in the The microelectrode was connected to a cathode follower input, followed by a D.C. amplifier and a dual-beam oscilloscope. Apparatus of light stimulation was the same as described previously (ISHIKAWA & HIRAO, 1960) .
The electrode was inserted into the compound eye as perpendicularly as possible to the corneal surface. In several hundreds microns in depth from the corneal surface the illumination potential (ERG) became no longer detectable. During further penetration of the electrode over this depth, on-off light stimuli were repeatedly given. When a certain depth was reached, the spike responses with relative large amplitude (10-30mV) were recorded. The depth of electrode at which these large spike activity appeared was limited, presumably due to the limited pathway of the electrode in a perpendicular course through the eye in this experiment procedure.
All spike discharges recorded could be regarded as the responses originating from single optic unit, judging from careful scrutiny of the recordings with respect to regularity of the discharge rate. It was also supported by the fact that the intracellular records of optic responses, described later, showed very similar characteristics to the above mentioned ones. Owing both to complicated neurological connections involved in the visual pathway and to uncertainty as to the site of the electrode tip, the results varied somewhat in each recording, but, in general, there were common patterns for bursting of impulses. In most cases the marked spontaneous discharge in dark period (maintained discharge) was observed. The frequency varied from about 4/sec to about 20/sec. Most responses to light showed inhibition of the maintained discharge as follows: when the frequency of the discharge was low, impulses were completely inhibited throughout the stimulus (Fig. 1A) , however, when the frequency was high, impulses were completely abolished shortly after onset of the stimulus, then impulses began to appear again and became stabilized for some time at a smaller amplitude and a lower frequency than those of the pre-stimulus discharge. Thus inhibitory effects decreased during a steady stimulus, indicating an adaptation in lessening the inhibitory effect of light stimulus as time elapsed. In other words, as the adaptation progressed the inhibitory effect gradually decreased (Fig. 1  B) and it was assumed that any inhibitory effect would not be able to be observed in the end. In both cases indicated in and Fig. 1B , the frequency of discharge after the turn-off of the stimulus was higher than that of foregoing discharge and the rate lasted consistently for a long time. These impulses were not able to be regarded as off-response.
In some units, almost absence of spontane ous discharge was observed, and in these instances a train of impulses was evoked after the stimulus (Fig. 1C) .
As shown in Fig. 2A , both the duration of complete inhibition of impulses following the stimulus and the frequency of the discharge after the inhibitory period increased with the increase in light intensity.
Sometimes a short train of impulses in response to light on or off were detected. In Fig. 2B only on-response (a, b) and both on-and off-responses (c, d) were obtained in the successive recording at the same site of the electrode tip. In this case the large, uniform amplitude of spikes up to about 30 mV in the early period of recording were recorded and decreased its amplitude gradually, probably due to gradual deterioration of the cell. Additionally, a marked resting potential of about 30mV was detected when the electrode was withdrawn from the recording site. Therefore, it can be assumed that these are intracellular recordings.
Thus it was demonstrated that the response pattern in a single unit might alter gradually by stimulation.
Since most units of this layer exhibit maintained discharges, the rate of firing may be increased or decreased by excitatory or inhibitory influences.
Excitatory responses are usually classified as 'on', 'on-off' and 'off' , depending on when the discharge occurs in relation to the stimulus; inhibitory responses also fall into similar three categories.
Thus the response pattern of a single cell which seems to correspond to the secondary neuron existing around the second synaptic layer in the present experiments can probably be varied greatly by many factors, i. e. a difference in state of adaptation, stimulus intensity and other unknown factors. Then it will be more important subject in future to learn the mechanisms which make such great variability possible, and the factors which determine the response in a given case. HOYLE (1955) investigated the potentials in the ocellar nerve of the locust in response to illumination.
He found that impulses were discharged for light on, light off and during dark exposure.
Recently single unit responses elicited from the optic lobe and nerve cord of the locust have been recorded by BURTT & CATTON (1959) , and it was illustrated that most units showed activity at on and off, discharging at steady rates slightly affected by the state of lightor dark-adaptation.
In comparison with these studies the variability of the response in a single unit will be investigated in future.
